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The Cunoiiirar are the lar^esl tribe in the fldvverlri^ plant faniiU Cununiaceae and int-lude tlie widespread genus

Welninaniiid. This study aims to understand [>hyl(jgenetie relationships within Cununieae by using DNA sequenees in

a parsinionj-eiadistie analysis. Seqneneed h)ei inehuled the internal transeril)ed spaeers (irS-l and rrS-2) of nuclear

rihosomal nNA, and the tni\. intron and hiA.-V spacer of ehh)ro[)last DNA. Primer and ta\on-speei(ic ampliheation of

non-orthologons ITS-2 coj)ies made it necessary to exclude the ITS-2 data, l)ut otherwise the nuclear and chloroplast

data sets were congruetit. The resuUs ]>lace \esselouskya as the slsti;r genus to otlicr Cuiionieae an<l supfxat the

niono[)h\l\ oi l\ifichcri(i, Cufiotiia, and all five sections ol WvinnKirifiid, but do not indi( ale how tliese groups are

related. TIk^ nionophyly of Wcinmannia sect. Wcinmaruiid is upheld, with IT{ trichosprrma from temperate forests of

Sinith America and U. linrtorid from the Masearene Islands placed basal lo a large clade of tropical American si)ecics.

Although morphological data maintain the monophylv of Wcin/tuifinid. this is neither verified nor statistically refuted

by the molecidar data. Likewise, Cunoiila, with one isolated South African species, has only weak molecular sn|)|M)rt

but clear ni(jr[)hological syna^tomorphies. Lack (»f sui)porl for relationships among major clades within (^unonieae makes

it difficult to suggest patterns of morpfiological evolution. However, a well-supported phylogenetic hypothesis within

Wcinmannia sect, h'iosprrniuni is used lo <lisenss heterotopv in inflorescence architecture. Uni(|uely (l('ii\ed featun'S

of the infioresci'ucc are found in the New Caledonian species Wcinmannia diclioloma and in the New Zealand s[>e( Ics

W. silricola and W. racemosa. These heteroto[)ic changt s Involve alternate patterns in the fate of tcnuinal nuMistems

and the anang(Mnent of mctamers bearing racemes. In an a|>|)en(li\ tlic correct orthographies and original pulilications

of all five sections of Weinniannia are [)ro\ided: t\[>(*s are also d**signated (or Wemmftnnia sections Inspcrsac and

Spicdfae in order to \alidate them.

Key words: iladistics, Cunania, Cunoniaceae. Cun<)nicae. evolution, Fasclculalae, hcten)top\, irifiorcscenee archi-

tecture, Inspcrsac, ITS, Unospcrmum, molecidar systciuatics, Pauchcria, paralogous loci, Spicatac, trn\\ Irnl., Vcssc-

loirskya, Wcinmannia.

The fhtweriiig planl fat»iily Cunoniaceae R. Br. 1998a). Wcinmannia is divided into five sections,

(Oxalidah^s) (Angiosperni Phylogeny Croup. 199P)) with each one largely restricted l<» a particular geo-

eoinprises about 300 species in 26 geiuMa. iManls graphic region. The Cuiionieae iwv also eonipost^l

of the farnilv are trees and shrul)s in wet tropical of the two other largest genera in (Aiuonlaeeae,

and cool leniperale forests, with most gtMiera oe- Pancherin, with about 30 species endemic U) New

eurring in eastern Australia, Melanesia, and New Caledonia (Cuillauniin, 1940; Moral, 1993), and

Cuinea. About 210 Cunoniaceae speci<^s are in a Cunonia, with about 25 species in New Caledonia

nionophyletic group of four genera called the tribe and 1 species in the South African (^ape region

Cunonieae (Bradford cK Barnes, 2001). Weinmannia (lloogland el al.. 1997). VesseloHsLya, the renuiin-

is by far tlu^ largest and most widtdy dislrilniled ing genus in the tribe, has only two spticies endem-

getms, with over 150 s[)eeies found in the Ameri- ic- to eastern Australia (Rozefelds et al., 2001).

eas, islands of tlie eastern Indian Ocean, Malesia, A few recent [)ublications have provided new in-

and the South Pacific (Bradford, 1998; Hopkins, sights on the taxonomy and phylogeny of Cunon-
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\viu\ In a study of [hv relationship bclwoon Wcin- other closely related tribe, Caldcluvieae (Bradford

/nannlii and lis piitative close relative, Cut\ofii<K & Rarnes, 2001). The //7/L-/r//F ej^DNA (TalxMlcl

using a eladistie analysis of morphological ft^atures cl ah, IWI) data s(»l uses several outgroup taxa

(iiradlonl, 1998) there was w<'ak su[iporl for the fr-oni closely related tribes.

Mionophyly of Wrinnuinnid, four of its siutions, arul

of Cunonid. A family-level analysis b) BraiUord

Collections were made from native populations

and botanical gardens between 1994 and 1998.

and Barnes (2001) based on morpluilogy and chlo- Fresh leaves were dritul in silica g<'l for DNApres-

roplast DNA secjuences (rhr]. and trn\.-frnV) eslab- <'rvation. All DNAsamples are vouehered with her-

lisluul a nev\ tribal classification, and clarified ge-

neric circumscriptuMis by proposing apomorphic

morjjhological characters h)r each genus.

barium spt^cimens an<l were dejK)sit<'d at MOand

in the countrv of ori";in. Table 1 lists source and

\(»ucluM' information of each herbarium specimen

Several recent generic revisions have jirovided and CrenBank accession numbt^rs for all DNA se-

valuable details on laxonomic distribution and mor- queuces. Detailed information is available for Brad-

t>hology for many Cunonieai' species. Rozefelds et ford i ollections on the THOPICOS database

al. (2001) gav<^ a labh* snnunarizing similarities and

ililfi'rences aniong genera of Cunonieae and de-

((http://www.mobot.org)).

I se(|uenced both the nuclear ITS region (Bald-

scrlb<'d a new specit^s (»f Ve.v.sr/o/r.sAjY^ New sp(H'ies win, 1992) and two adjacent cliloroplast loci, the

descrij)ti(»ns and keys have also been ])roduced for trn\. inlron and the interg<Miic spacer between the

Cuiionia (lloogland cl al., 1997) and Malagasy inih 3' e\(Hi and ItiiV (Taberlel et al.. 1991). Jlie

Weinniannld (Bradfonl, 2001; Bradford & Miller, ITS n^giou was sequenced first, which helped es-

2001). Kevisions have been cuinpletcMJ fur Wcin- tablish likely mon<»ph\letic groups. A smaller set

ftidnnin of Malesia and the South Pacific (flopkins, (»f /;7/b-/r//F secjuences was obtained from a sub-

1998a, b, c; Hopkins cK Flon^ice, 1998). Weinman- sample of each distinct lineage that was discerned

nla of the AnuMicas are poorly studied in llieir en- from ITS data. Standard mtMluuls W(*re used to ex-

tir(^ly, although some national and n^gional treat- tract, amplify, and sequence DNA loci, and these

menls have been done (llarling, 1999; Bradford iS^ are describetl in BradfortI and Barnes (2001).

B<Mry, 1998). BFAST ({htti>://www.ncbi. ulm.uih.gov/BLAST/))

plasl and uuchvu' loci to clarify phylogenetic rcla-

Despit(* ihcsc (efforts, relationships among Cu- comparisons were done to confirm that sequc^nces

noniea<' genera are unclear, th<' tiKMiophyly of U'i'///- were of angiosperm origin and not from possible

rnannid is in doubt, and tlu» monopliyly of some fungal or other conlarninants, and indeed similar

sections within Wcinnuinnia is |)oorly established. imcleotide sequt^nees w(^re of appro[»riate loci and

Tn diis study< 1 nst» DMAse(juences from chhuo- within the (Midicot clade.

Standard ITS [)rimers (Baldwin, 1992) did not

tionships within (amonieae. In addition. 1 show that stnmgly amj»li(y or j)roduce clear sequences of ITS-

llie phylogenetic h\pothi*s(^s generated by this mo- 2 lor many sp(*cies in Wcinniannia sections Leios-

lecular data can hcl[> reevaluate character evolu- petinnni and Inspersac, or in l^incherui, Geissois,

tio[i within the tribe, esptuially with resp<»ct to in- and Culdchnid. Hypothesizing that high C-C con-

flon»sc(uice architcctur(\ tent was inlerh'ring with ViA\ amplification, T de-

signed allernativt^ jirimcrs with higher amiealing

temp<Matures based on published siMiuenees of 26S

rDNA (Ku/offet ah, 1998) and 5.8 rDNA sequenc-

Based on the familv-level anaKsis of Bradfoi'd es from mv own work. The new T)rim<'rs did \ i<^hl

clear sequences as hoped, but [)reliminary cladislic

MirriioDs

nionu'ae are cieariv mono-\v.

analysis using rrS-2 data alone resolved c lades

ami Barm^s (2001), Ca

phyletic, and taxon sampling was designed to ma\-

imi/(^ the geographic, ph\logenctii'. and m()rj)holog- with a mixture of ingnnips and outgntups, a residt

ieal divtM-sity within this clade that has been incongruenl with lTS-1, cliloroplast, and mor|)ho-

elucidaled by previous studies (Bradford, 1998). logical data (st^e Bradford. 2000. i-hapter 1, l^or a

One distinctive specic^s endemic l<» Sulawesi, Wein- figure of lh(^s(^ results). This suggestetl that the ITS-

mdunid dcsconihcsiiuid, is missing; olluawise, sam-

[iling is broad, including exemplars from 45 species ortholog<uis to lTS-1 setpienees obtained using the

of Cunonieae (Table I). (;odi<«ae may be the most standard ((\g., ITS4) prim<n-s. To test this, a Parli-

closely related tribe to Cunonieae, but 1 was utuible tion Ihmiogeneily Test (I^ALP'' l.0b6a: Swoffoid.

to obtain inttMual trans( ribed sj)acer (ITS) luDN \ 2001) was us(mI to comiiare the lTS-1 and ITS-2

2 region amplific* 1 using the new |)rlmers was not

sequences of Ctxlicae to use as outgr(»iq>s. Instead, data sets, and thev were found to be sign ificantly

ITS Uvcs were rooted using two speci(»s from an- iticongrnent (500 replicat<*s, P = 0.002). Because
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thologoLis loci were amplified. 'Hie ITS n^gioii is

genes, as well as pseiulogenes, and differenl P('R

conditions can preferenlially amplify dilierenl par-

ITS-l an<l ITS-2 are adjacent loci lliey should liave are n^solved as clades, including Ciuumin, and four

the same evolutionaiy history; significant incongru- sections of We'mrnannia: sects. Weinmannia, In-

cnce between them strongly suggests that non-or- spersae, Spicafne, and Fasciculatae. Sp<'cies from

Weinmdunia sect. Ijeiospertnum form jiart of a large

known to contain multiple coi)ies of the rihosomal polylomy. The two sections from Madagascar, sec"-

tion Inspersae and section Spicdiae, arc placed as

sister taxa to (*ach other. Not all of these clades

alogous loci (Buckler et al., 1997). Until the issue have high 'Tasl" l)ootstrap values, however, and the

of paralogy can be resolved, the decision was made data give no su[)port for relationships In'tween these

to exclude die ITS-2 data from analyses of organ-

ismal phylogeny; these sequences, however, are

available in CenBank (|)hylogenclic data set with

the range AK52125S- \Fr^21298).

SequtMices were aligned by eye in Se-Al (Bam- ^|^|,^ tniL-F data set included 996 charact<us

baut, 1995) and exported in a NKXUSformal. In-
f^.^^^ se(iuences representing 38 species (29 in Cu-

sertions and (hdetions were scored as binary char- nonicac). Ingrou|» sampling uas less intensive than

acters (e.g., |)resent or absent). Any regions uith
^^,j^|^ ^|^^ jjg j.,|.^ ^^^^ i^^^ included sufficient sam-

ambiguous sequence or uncertain alignment were
j^ij,^^ p^.^^^^^ .^H jj^.jj^„. ij^ clades. The parsimony

ignored during analysis. Parsimony cladistic anal-
.j^^iy^i^ found 420 trees of 244 steps (CI - 0.73,

yses were implemented in PAUP*4.0i>6a (Swoflord,

largtT clades.

/r/H.-F ANALYSIS

Rl
2001). For all parsimony analyses, the following oj)-

tions were used: characters unweighted and uiior-

0.82) (Fig. 2).

On the strict consensus tree, Cunonieae are

mouophyletie, and Vesselouskya is placed as the

dered, s(uirches heuristic, starling trees obtai.uMl
^.^j^.^. ^^^ ^^^,^^j. Cunonieae. In contrast lo ITS

via random stepwise addition, TBB branch swap-

ping. COLLAPSE ot»tion on. STEEPEST 1)E-
results. Weinniannia sect. Weinnuinnid is the sister

taxon to a large clade containing Cunonlu, Pamh-
SCENT option off, MLITBEES (»n. Support for

i n w * r if/
• r. ., .»,•..

^
.

. 1
^''^'^' ^*^*^' ^" otluM- species oi Weinmannui. Lunouia

clades was estimated with bootstrap values (using
'(ipensis. from South Africa, groups with Pdncheda

the 'Tast" bootstrap option with 10,000 re|)lieates
i i .i /' •

i i .* i
•

f .
* ^

* wlulc other Lunoma are monophyletic and sister to

in i*AUP) and decay values (using Autodecay; Er- , • • m • • \i i »f • ,., ; .^ JVC J
^j^^. remaining Wrinmannia. IVlalagasy M^euunanfua

ikssim. 1999).

The nuclear and chloroplast data sets were com-

bined after cliecking for com[)atibility using the

Partition lh)mogeneity lest in PAUP. This lest

could not reject the null hypothesis that tlu' data

sets represent the sauu* evolutionary history (500

(sects. Inspersae and Spicatae) form a clad(% as do

sections Fasctculdiae and Ijjiospermiwh The inter-

nal topology of the cladogram has low bootstrap val-

ues.

replicates, P 0.06). C()\nMM:i) ANALYSIS

Rl-.SLI.IS

rrs-1 ANAiAsis

For the combin(Hl analysis, 29 taxa, including 27

from die Cunonieae, were seciucneed lor both ITS

and /r//L-F. The fmal data set included 1254 char-

0.74, Rl
The final lTS-1 data set included 48 setiuen<-es

^^^•**''-^- Tlie parsimony analysis found a single most

from 47 sfiecies (45 in Cunonieae) and a matrix .)f
P^'simonious ln^(^ of 388 steps (CI

260 characters. The number of ccjually parsimoni- O.til) (I'lg. 4).

The base of the tree is structured similar to tin-

impossible to complet^e branch swapping. Several ^^^^ f^^.^- Vesselowskya is basal to all Cunoniae,

searches were done using random taxon addition, and Paneherid is a sister taxon to the i-ladc con-

and each analysis found the sanu^ large tree island

with 268 steps (CI =

ous trees found during heuristic Si-arches made it

taining Weinmamiid and Cunouid. Altliougli then

70 Rl = 0.86). The strict i^ strong suj)j)ort for the position ol Vesselowshyd,

no other internal branches have high '"Fast" boot-

strap or decay values. High "Fast" bootstrap and

The ITS-1 data strongly sui)i>ort the sister-grou[) decay values do su[)port most of the commonly rec-

relationship between Vesseloicskya and the rest of

Cunonieae (Fig. 1). Pdncherid is monophyletic and

consensus of this tree island shown in Figun^ 1 is

based on over 30,000 eijually parsimonious tn^-s.

ogni/ed taxa. including Pancheria and all five

Weinmannid s(M'tions. Bv contrast. Cunonia does

weakly i)lac(Ml as the sister lo clades of Weiumdunld not form a clade in the '"Fast" bootstrap consensus

and Cunonia. Five traditionally recognized groups tree and has a d<^cay value of one.
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Weinmannia sp.nov. 1

Weinmannia dichotoma

Weinmannia serrata

Weinmannia parviflora

Weinmannia samoensis

Weinmannia racemosa

Weinmannia silvicola

Weinmannia raiatensis

Weinmannia vescoi

Weinmannia vitiensis

Weinmannia sp. nov. 3

Weinmannia auriculata

Weinmannia hangii

Weinmannia eilantantha

Weinmannia myrtifolia

Weinmannia tomentosa

Weinmannia tinctoria

Weinmannia trichosperma

Weinmannia clemensiae

Weinmannia exigua

Weinmannia fraxinea

Weinmannia fraxinea

Weinmannia hooglandii

Weinmannia richii

Weinmannia arguta

Weinmannia bojeriana

Weinmannia humhertiana

" Weinmannia marojejyensis

- Weinmannia minutiflora

g

Weinmannia sanguisugarum

Weinmannia stenostachya

Weinmannia sp. nov, 2

Weinmannia madagascariensis y^
Weinmannia rutenbergii

Cunonia atrorubens

Cunonia montana

Cunonia pulchella

Cunonia batansae

Cunonia capensis

Cunonia macrophylla

Pancheria brunhessii

Pancheria hirsuta

Pancheria retiulata

Pancheria engleriana

Pancheria phylliraeoides

Vesselowskya venusta

Caldcluvia paniculata

Spiraeopsis celehka ^Ulgroups

Fi-^nn- 1. SiricI (•(niscrisus of >:i(),()()() nios! parsimonious trees of ITS-1 sequences. "Fast" boulsliap values are

aliove lnarielies. Each section of Weinmannia is labeled to th(* right (tf tlu' tree.

r)is<;iissi()M cria, Cunonia (albeit weakly), aiul all five sections

uf Welnmannid. Tins analysis als** sii^ji*'sls that

In several respects, the pliylo^eiiy of the Cuiioii- Malagasy ta\a form a elade. Ailhoiiijh the combined

iae resulting from llie combined analysis of ITS and data set does produce a highly resolved Irt^e. "Fast"'

/r/il.-F (Fig. .'i) is highly congruent with pre\iously Ixtotstrap and decay analyses do not give mncli

published studies using morphological characlers support for internal nodes, indicating that relation-

(Rradfi»rd, IWH). It differs primarily l)y showing ships between ttiajor riades within Cunom'<vie an^

thai Weinmannia sect. Weinmannia is not nested still poorly uiulerslood.

within section Faseieulalae, Most sii!;nificantly. the Tn contrast l<» llit* results of Bradford (1998), th(

(•(mbiried <lala support the motiophyly of Paneh- molecular data sets do not uphold the monophvly
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Weinmannia dichotoma

Weinmannia racemosa

Weinmannia silvicola

Weinmannia raiatensis

Weinmannia samoensis

Weinmannia clemensiae

Weinmannia fraxinea

Weinmannia exigua

Weinmannia richii

Weinmannia hojeriana

Weinmannia sp, nov. 2

Weinmannia minutiflora

Weinmannia sanguisugarum

Weinmannia louveliana

Weinmannia madagai

Weinmannia rutenbergii

Weinmannia marojejyensis

Cunonia atrorubens

Cunonia balansae

Cunonia macrophylla

Cunonia capensis

Pancheria engleriana

Pancheria hirsuta

Pancheria phyliirae aides

Weinmannia bangH

Weinmannia trichosperma

Weinmannia tinctoria

Weinmannia tomentosa

Vesselowskya venusta

Callicoma serratifolia

Codia discolor

Pullea cf. glabra

Ackama paniculosa

Ackama rosifolia

Caldcluvia panlculata

Spiracopsls celebica

Geissois benthamii

Geissois superba

Fi^uif 2. Strirl euriseiisus i){ trn\-trnV trees. "Fast" l)<>((lslra[) values are ahove branches. Each section of Wein

mannin is labeled. Cunonieae laxa are shown in hold t\pe.

of WeifimanniiL Weinmannia sect. Weinmannia lias eoxcjn sitiiied-rank lest was llien used to compare

a very long branch and is placed as a sister j^roup the niosl j)arsinionious tree with the monopliyletic

to Cunonia and other Weinmannia (Fig. 3). This Weinmannia tree (Templelon, 1983; Mason-C/ainer

long branch and the short internal nodes make it i{' Kellogg. 1996). and llie null hypothesis of a

possil)le that these results are not dependable. To nionophyletie Weinmannia could not he rejected (N

test whether this data set could slalisticallv reject 3. T 2./ 0.56). It would therefore be {)re-

the hy|)othesis of a nionitphyletic Weinmannia, I tnatiue to consider Weinmannia paraj)hyletic based

built a constraint tree in MacClade (Madtlison & on this data.

Maddison, 1992) making Weinmannia monophylet- Morphologicall), Weinniannia is recognized eas-

ic and enforced this toi)oIogy in PAUP while re- ily by the presence of hairs on the seeds, whicii are

analyzing the combined data set. A single tree of lacking In other Cunonieae. Also, Pancheria, Cu-

390 steps was found, only one step more than the nonia, and Vesselawskya have winged seeds, but

tree found in the unconstrained analysis. A \\ il- wings are lacking in Weinmannia, To account for
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Wcinmannia dichotoma New Caledonia

4

rC
Weinmannia raiatensis Society Islands

Weiftmannia samoensis Samoa

98
Weinmannia raccmosa New Zealand

4 67

67

Weinmannia silvicola New Zealand

Weinmannia bojeriana

Weinmannia marojejyensis

h 98

'^
Weinmannia sanguisugarum

Weinmannia sp. now 2

Wein mann ia madagas ca riens is

2d~
' L Weinmannia rutenhergii

Weinmannia clemensiae

8

67

Weinmannia fraxinea

Malesia

I

Weinmannia exigua

M WpLWeinmannia richii >Melanesia

100
Cunonia atrorubens

1

8_3

3

13 Cunonia balansae NewCaledonia

Cunonia maerophylla

Cunonia eapensis South Africa

^'
•n<^

^
60

81
' L Wei

Weinmannia hangii

t
100

19

mmannia tomentosa
Tropical America

Weinmannia tinctoria'^ MaSCarcnCS

Weinmannia trichosperma ^ Temperate

79
Pancheria engleriana South America

Pancheria phyiliraeoides ^NcWCaledonia

Pancheria hirsuta

Vesselowskya venusta^— Eastern Australia

Cahkhivia panieulata - South America

Spiraeopsis celebica —Malcsia
Ouigroups

5 changes

I' i^un' ^, riiN lo^rani of llic slri*i;l(' most parsitiioriious Inse from llu* comhiiu'il aiial)sis. "Fast" boolstrap values are

^i\t'n aI)o\i' laaiulu's, (l(Mav values below. Tlu- t'la(U\s it)iifspoiuliii^ to each si'L'tion ol Wciiinuinniu iuv lalu'le*!, as is

the *;eograplii(' occurrencr of spivies. Species plaetnl in l)(il(l t\pe have a dioecious breeding; syst<'m; otiiers are

morH>e<-ious, usually with bisexual flowers.

lb(*s(' chnracler stales wilb a paraphybMie Wein- have been found in iniennnorphological studies by

niannia, two mldilional niorpboloyical stops ar(^ re- R. Barnes (see Bradford & Barnes, 2001) in wliieh

(pured: either seed hairs wfre gained twice and midtieellular hair ])ases were found in all seellons

s(»ed wings were lost twice (once on eaeh of the two of Weinmannia, but not in everj^ sj)eeies. Tb(*se

Weimuamiia llneaj^es), or a reversal of bolli char- kinds ol hairs have never been found in other gen-

arters (u-curred in Cunonia (Fig. 4). OiIum" iliar- era <»f Cnnonia<'eae.

aeters supporting tb<^ nu)no])hyl) of Weinmannia Altbougli combined nioh^'ular data provide little
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Wings absent

Wings absent

Hairs on seeds

Cimonia

Weinmannia

Pancheria

Vesselowsky^a

Weinmannia

Hairs on seeds

Wings absent

Wings present
No hairs on seeds

Cimoma

ihis grou[) of species to l)e a highly derived elade

williin Ciutonla. In contrast, the c(»r]il)iiied niohx*-

ular data make Cunonia capeusis hasal williin Cu-

noiiia, an^l C macrophylla basal within N<'w Ca-

ledonian Cunonia (Fig. 3).

Most Cunoniaceae, including Cuno]iiea(% a?'e

pollinated by small flying insects, especially bees.

The distinctive features of Cunonia capensis and C.

inorrophylla may l)e due lo their uimsual pollina-

tion biology. Observations show tluMi' visitors in-

clude nectar-feeding birds that p<'rch at the base of

the raceme (Hopkins, pers. obs.; Coates Palgrave,

1983), which makes sense considering their rela-

tively large flowers and simple, rigid iiifloreseence

structure. Tiie combined cladogram (Fig. 3) sug-

gests that similarities between Cunotiiu rupcnsis

and Cunonia macrophylla may be ph^siomorphic.

Giv(Mi that bird pollination is oidy known in one

odier Cun<iniaeeae genus (Ceissois), it seems un-

ikely that bird-pollination was [)lesiomorpluc dur-

ing the origin of Cunonia, although il may be for

ihe extant elade. Alternatively, bird pttllination may
be convergent in Cunonia capensis and C. uiarro-

plivUa, but testnig these hypotheses for ancient lin-

(\igcs is nearly impossible.

Although nK)lecular systematics onlv gives weak

su[iport to lh(* monophyly of Cunonia, the genus is

mor[)hologically distinct. At least two charact<Ms

are shared only by species of Cunonia: fruits that

have a circumbasal-acropetal dehiscence, a cliar-

acler uni(iuc in the family, and fhual disks diat are
Vesselowskya adnale to the base of the ovary, unlike any other

Figuie 4. Altt'nuilivc hypotliescs for relalionsliips Cunonieae (Bradford, 1998; Bradfoi'd & Uarm^s,

williin Cunonieae. —a & b. Weiiunannia Is parapli\lt*lic 2001; Ro/efelds et al., 2001).

Weinmannia

Pancheria

Vesselowskya

Hairs on seeds^^ Weinmannia
Wings absent

Cunonia

Pancheria

willi resj)(M-t to Cunonid. 'I'his imolves 389 steps in the

coinhiruMl molecular data set, and 4 more morphologi<^al

oties. e. \\cu\m<uii\la is niouoplnlotic. This involves

390 sl(:'f)s in the cunihiiied iiioleeular daUi set, and 2 more
niorphological ones.

The most well-supported elade in the analyses is

thai of Weinmannia sect. Weinnuifinia. This is the

largest section in the g(»nus and is disjunct b(4we(Mi

the Americas, where over 70 species occur, and the

Mascarent* Islands, whtue 2 species are endemic.

Ihe Masean^ne species are distinguished by bein

support for the clailistic relationships am(»ng diotnious, but otherwise are similar to American

Pancheria. Cunonia, and Weinnuinnia sections.

cr

species (Bradford, 1998). Although the topologv is

new insights into ndationships within g(Micra and not strongly sujiported, Mascarene species, repre-

sented here by Weinmannia tincloria, are nestedsections have emerg(Ml

The South African species Cunonia capensis was Ix'tween W. Irichosperma, from tcMnperate forests of

recogniztul by Biadford (1998) as being morpliolog- South America, and a elade of species from Neo-

ically similar to two very distinctive New Caledon- tropical rn(»ntane forests.

ian species, C. macrophylla and C, schinziana. All

tl ir

Weinmannia Irichosperma is ap|)arently a rem-

species have larger flowers and fruits than nani of a more ani-ient. temperate lineage within

other Cunonia, and similar inflorescence architee- Weinmannia sect. Weinmannia —a lineage that

tures composed of axillaiy pairs of stout rac<Mnes at macrofossils show may have once occurred in Tas-

tbe ends of stems. This inflorescence arcliitecture mania as well (Carpenter <!l Buchanan, 199.'}). That

is more reduced than the compound racenu^s typi- a derived tro[)ical clad(^ of the^ scn'lion is disjunct

cally found in other Cunonia (Hoogland et al., between the neotroplc-s ami the Mascarenes sug-

1997). Morphological cladistic analyses sliowed gests that inter'cliange across the Atlantic and In-
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Racemes

Inflorescence Modules (IM)

Figure 5. Two rdrnmon irillort'stfiice arclillcclun's in WrinnKintiid aw sliown; left, seclion Lciosperrmuu; riglil,

seciicHi Fascuiilalar. RarcnM's, iiili rnades, and nu'iislniis an' organlzi'd in parluular |)alt(Mns to form higher order

units callrd InlKux'sct'nce Modules (IMs), and IMs are organized in partieular patterns along llie main s\cm to comprise

llie lolal Infloreseenre.

groLiiul on tliis i^ warrant(Ml Uvrv, The iiiflon^sccMice

diaii Oceans has oeeurreil tnnre reeentlv than In- lunitv to reevaluate 6<)ine of the ni<»r|)li()loi^ical

lerehange between temperate and tropical Ain(M-ica. characters I (hscusse<I in previous studies (Hrad-

Ihiwevcr, since only a few niolecular characters ford, 1998). This earlier work emphasized inflorcs-

snpporl this nne\pecte<l ndationship, achlilional cenee arcdiilecture and heleri»topy. an<l some hack-

data are nHjuired [a [v^i it.

In liradford (199{}), W'cinfUiUitiia sect. Fascini- in Cnnonieat^ comprises nested sets of structures.

latac was parai)hyletic will» n*sp(H't to a hi^jhly de- Tl»e most familiar of tlu^se are the flower-lM^arlng

rlvtMl Weinnuinnid sect. WeunuitJMua, I'his vi(*w is axes, raceme-like in most genera, hut hall-shaped

overturrK'd hy the moh'cidar evidence. Weiumanfi'ui in Pdiicherui (Ro/ef(dds el ah, 2001). These (louer-

secl. Fitscicufiitdc has high hocjlstrap and decay bearing axes, along with internodes and meristems,

values (Figs. 2—1). Missing from this study, hov\- are typically arranged in repeated units I term Tn-

ever, is sequence* data fnr Wrinmdunia descomhcs- florescence Modules (IMs) (Fig. 5). The structm-e of

idtKK an uiujsual species phu'cd in section Fasci- IMs and their arrangement is highly variable among

Curu)nieae geneia and Wvinwdunid sections (Fig.

6). This observation led to a systeiTi of coding in-

ciildtar, but with some Iraits suggestive of section

lA'iospernuun (llo[)kins, 1998b).

Weinnunuiid sect. IruKspetinnni is widely distrib- florescence architeclurt^ based on principh-s of po-
+ I

siln>nal homidogy (see Bradford, 1998, for d<*tails).

Molecular systemalics has confirmed the g(MieraI

uted in the South Taeilic, from tlu^ Bismarcks to

tlu* Marquesas, and bom Kapa to New Zealand

(llo[)kins, 1998a, 1998c; Hopkins & Flort^n<(% perception fn»m comparative morphologN that inllo-

1998). Bradford (1998) recognized three species reseenee evolution represents h(^teroto])y, and that

gi'oups within tlu* section: New Caledoinan species, llu^se characters can be tTfeclively coded for mor-

N(*w Ztuiland species, and otln'r South Pacific sp(*- |)hological (dadistic analyses. For examphs |)hylo-

ci(*s. The two species bom New Zt^aland, Weuunaii- gent^tic supi)orl for some elades in the* morpholog-

nia ratrtnosd and \\l sililtnld. each have distinctive ical cladlstie analysis was based mainly on diese
*

and uni(jue inflorescence architectures. Soulh Pa- characters. The monophyly of Weiuwdunia sei:t.

<'ilic species outside of Nevs (Caledonia are dioe- hnospcruuim was support<Ml by two characters of

clous. As a whole. New Cal<Mlonian species have the inflorese(Mi<'<^: havitig a secjuenlial arrang(Mnent

no obviously derived features; however, Weinman- of melamers within an IM, and ha\ing the largtvst

ni<t (lichotomd aborts its lenninal UK'ristem at every IMs in the terminal (i.e., acrotonic) position (Figs.

node. Although each individual data set is ambig- 5, 6, 7).

U(uis, the eond)ined analysis strongly su|)ports the Furthermore, improved su|)porl for elades within

monophyly of section !j'iosj>rrninfn and placets tin" section Ijeiosperniuni can b<' used to make s|)(H'iric

New Caledonian tdade sister to elades from the statements about llu* paltt^rn of heterotopic (diang-

South Pacilic ami New Zealand (Fig. 3) es. From the generalized inflorescence fi^rm of see-

A w'(dl-supporte(l phylogenv i)resents an oppor- lion fj'iospcrniiun (see top and bottom left diagrams
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Leiospermum Jnspersae Spicatae Fasciculatae Weinmanma Cimonla Pancheria Vesselowskya

Fi«;iirr 6. The general hreadlli of infloresrenee divfrsilv in Wcifirfuuifiia is illusliateil and linked lo laxonuniy and

|)li\l()*ienv. Tlie [)Ii\I(itTeny is based npon Figure 3, l>ut elades having no bootstrap su|>p<>rl and a deeay vahie of only

1 were collapsed. Cunouia and Pancheria indoreseences are ly|)i('ally similar lo sections Insprrsae and Spicatae. al-

though (\ niacrophylla and ('. caj)e!isis are similar lo section Weintnannia. Vesselouskva infloreseenees (hsplay similar-

ities \i) both sections Fasciculatae and h'iospernuuti. For detailed illustrations of inflorescence diversil) in (!unonii'a<^

see Hradfonl (1998, 2001). Iloogland et al. (1997), the publication series of Hopkins (1998), and Ro/efelds et al.

(2001).

of Fig. 7), it is clear that species from New Zt^ihnid strong phylogenetic hypothesis for Wrifunannld

{Wci/una/inia racemosa and W, silricola) hiwc dc- seel. Leiospermum iiuliralcs that clioccy (nolvi^l

ri\e(l heterotopic changes in their inflorescences once within this clade (Fig. 3), it is dilfuult to dis-

(sce right diagrams of P'ig. 7). Weinmannid rdce- i-rvu the general patt(*rn of breeding system e\()-

lulion within Cunonieae (see also Hraihord, IWo;

Hozefelds et al., 2001).

mosd has regained vegetative growth beyond ihc

inflon^sct^nce with a terminal vegetative hud, a Re-

versal to the plesiomor[)hic stale found in t)tlicr scc--

ti(ms oi Welnmdnnia (Fig. 6). This species has also CoNCl.l SIONS

lost the development of lat(*ral inflorescence nuxl-

ulcs. The (tthcr species from New Zealand, Weiti- Molecular syslemalics has enabled us to conCi-

maz/N/V/ s/Vr/rc)/^;, has d(*v(dopmenta] asymmetry; al- denlly delineate some major lineages within Cu-

though it (lot\s not always |)roduce lateral IMs, when iionicac and providtnl sufficient resolution in some

prcsetit. they develop only from one axillary bud. c ladcs to re-examine inflorescence evolulu)ti. Un-

Furtherm(ne, Weinmannid silricola is the only spe- fortunately, little is known still about how Cunori-

cies to produce sequential mctamers within an IM i(^ac genera and Wcintndnnia sections relat(% (^xct^pt

and lln^n abort the apical merislem. Other sptnies, for" the basal position of Vesselowskya (Fig. 6). Until

such as Weinmanma dichotoma from New Calcdon- a better phylogenelic hypothesis is a\ailabl*% it is

ia (see left diagram in Fig. 7), abort the a[)ical mer- best to retain the genera as currently circmn-

istem at the first metamer within an IM. Although scribed, despite (juestions about tlu^ mono])hyl> of

abortion of the apical meristem occurs as part of

normal variation among IMs within many Weinmon- acter evolution for many traits that vary among gen-

nia plants in the South Pacific, the fixation of tliis era of Cunonieae and sections of Wein/tiannia. al-

trait is ap{>arent]y derived within Weinmannia di- though evolution within some genera and s<'ctioi]s

chotoma. (See also Hopkins, 1998a, 1998c; Hoj)- has been clarified.

Weinmannid, Remaining to l)e addresstMl is char-

kins & Florence, 1998.) This work is the first in-depth attempt to under-

\\ ilhout a more resolved {>hylogeny it is difficult stand the phylogcny of Cunonieae. While laxon

to rc-cvahiale other characters discussed previously sampling was broad, the number of se(juenced loci

(Bradford, 1998), such as dioecy. Although the was likely insufficient to resolve all nodes. Ques-
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Bismarcks, Solomons, Vanuatu, Fiji, Samoa,

Cooks, Societies, Rapa, Marquesas

I'i^iiH' 7. Relalionslups aiiujiiji; clades within Wcinnuumia sect. fA'iosjtrrnium Iiasi^l on tin* jnalvscs [)n*sente<l here.

The lUirulKT of species and location of eacli i-ladc i.s labeled. Some eoninion (onus of inn(»rescenc4' areliilectnre are

shown, and the most nnnsnal species, Wrinm<innia sHruola, W. racenwsa, and W. diiliotonin. are highlighted.

IIdiis alxml characU'r exoliilion may best Ix* studied
V

by rompariug variation wilbin species, sections,

and genera ratber iban al ibc tribal level. For ex-

ample, Malagasy Wclnrnannia have llu* rieh(»st va-

riety of inflorescence andiiteelure, symj)alric Cu-

noiiiii species Iia\e a dixersily of floral coloration

and scents, and in man) Wciiimannia species from

Malesia and the South Pacidc dioeey ib 'Meaky"

with morphol<»gicall\ male, female, and bisexual

flowers found within a single po[)ulalion (»r plant.

Most imporlanlly, sludi<'s on the spatial tH'ology of

sp<*ei(*s are almost totally lacking and would be

useful lor elleclive conservation nuuisures.
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